Bleeding after open heart surgery is an important cause of morbidity and mortality. It may not always be related to surgical bleeding. Bleeding due to coagulopathy, called diffuse microvascular bleeding, is more commonly seen in the post-operative period. The objective of this study is to assess the effect of administering transamine, which we consider a low-cost and effective hemostatic agent, during open heart surgery on postoperative bleeding amount, blood product use, length of stay in intensive care, and duration of hospitalization.
Introduction
Open heart surgeries bring out the need for blood and blood products (1) . Although heart surgeons avoid the use of blood and blood products, these are usually used in the post-operative period. Post-operative excessive blood loss can progress to anemia, hemodynamic changes, reoperation, and even mortality. Immunologic, metabolical and endocrinologycal disorders may develop as a result of post-operative excessive bleeding (2) . Moreover, excessive amount of blood transfusion during treatment may cause several complications. These include immunological reactions, anaphylaxis, sepsis and risk of viral infection transmission (2) (3) (4) . Blood transfusions carry a risk of complications such as fever, hemolytic reaction, allergic reaction, citrate toxicity, air embolism as well as transmitting blood-borne diseases (viral hepatitis, HIV, malaria, infectious mononucleosis and cytomegalovirus infections) (5) . When we evaluate these complications, the importance of surgical bleeding control during open heart surgery becomes evident. However, no matter how carefully a surgeon controls the bleeding, sometimes bleeding cannot be prevented due to factors affecting coagulopathy. Coagulopathy causing such types of bleeding seen after open heart surgery is a frequent problem. It may be observed depending on several factors such as thrombocytopenia, platelet function disorder, loss of clotting factors, increased amount of free heparin (6) (7) (8) . In the studies conducted, 5-25% life-threatening bleeding were seen in patients undergoing open heart surgery with cardiopulmonary bypass (CPB) (9, 10) , and 2-7% of patients required re-operation due to bleeding (3, 11, 12) . Re-operation in patients causes outcomes such as prolonged mechanical ventilation support, increased inotropic support, increased stay in intensive care, hypothermia caused by connecting to the heart-lung machine again, and coagulopathy. This considerably increases morbidity, mortality and hospital costs. Bleeding due to coagulopathy was detected in 50-80% of patients undergoing re-operation, rather than surgical bleeding (13) . During the re-operation, bleeding control performed by the surgeon generally cannot find an active bleeding focus and usually cauterizes the microbleeding focus leaking from the tissues. This suggests that the bleeding is related to an acute acquired hemostatic disorder. This clinical picture, called diffuse microvascular bleeding, is a coagulation disorder depending on many factors. Contributing factors to this picture are consumption of coagulation factors, platelet function disorder, rebound effect of heparin, excessive fibrinolysis, low platelet count, excessive heparin and protamine, complement activation and disseminated intravascular coagulation (10) (11) (12) . The most frequent factors among these are excessive fibrinolysis (25-45%) and platelet function disorder (2, 3, 14, 15, 19) . Various pharmacological agents have been used in recent years to reduce excessive bleeding during open heart surgery. Tranexamic acid, aprotinin, desmopressin and prostacyclins are among these pharmacological agents. Tranexamic acid is a synthetic hemostatic agent with antifibrinolytic activity. It inhibits the activity of plasminogen activators and plasmine (16) (17) (18) 20) . In this study, we compared the bleeding amounts of two groups of patients in the post-operative period after open heart surgery, with and without intravenous administration of tranexamic acid.
Materials and Methods
The objective was to compare the effect of tranexamic acid on post-operative bleeding.
Twenty four patients underwent an isolated coronary artery bypass graft operation using CPB by a single surgeon between March 2017-December 2017 at the Hisar Intercontinental Hospital. In 12 patients (10 males, 2 females; mean age: 57.16) open heart surgery was started with routine heparinization. Neutralization was performed with protamine to weane the patient from the heart-lung machine. Twelve patients (8 males, 4 females; mean age: 56.25) were administered 10% 500 mg I.V. before starting sternal incision for open heart surgery. 10% 500 mg I.V. tranexamic acid dose was repeated during separation from the heart-lung machine at the end of the operation. Patients were followed-up for drainage in the post-operative
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period. Bleeding amounts and re-operation rates were compared. The other 12 patients were followed-up as a control group, and transaminic acid was not administered. Extubation hours, drainage amounts, re-operation due to bleeding, withdrawal time of chest tubes, length of stay in intensive care and discharge time were reviewed.
Surgery was performed through a median sternotomy with cardiopulmonary bypass established through right atrial and ascending aortic cannulation. Intermittent cold cardioplegia was used in the initial 24 patients and blood cardioplegia thereafter. An intravenous second-generation cephalosporin antibiotic was administered intraoperatively and for 48 hours postoperatively for prophylaxis against infection.
Patients who were diabetic or had renal failure or experienced any cerebrovascular events were excluded from the study.
The most important limitation of this study was the small number of patients.
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Results
In all patients enrolled, pre-operation hemoglobin, hematocrit, platelet count, prothrombine time, active partial thromboplastine time were within normal limits. There was no difference between the cases included in the study. All patients were discharged without any problems following operation.
When the results from the two groups were evaluated, revision rates, amounts of used blood and blood products, total drainage amount were less, and stay in intensive care and discharge time were shorter in the group given tranexamic acid (Table 1, Table 2, Table 3 ).
In the patient group receiving tranexamic acid systemically, the mean total amount of drainage was 
Research Article
775 mL, and the mean amount of used blood and blood products was 1.83 units of erythrocyte while in the patients not given tranexamic acid systemically, the mean amount of drainage was 850 mL and the mean amount of used blood and blood products was 2.5 units of erythrocyte and a total of 2 units of platelets following the operation. One patient in the group not administered tranexamic acid was retaken into the operation room from intensive care unit for bleeding revision 4 hours after the end of the operation. No surgical foci were detected during the bleeding control performed on the patient. The bleeding foci in the form of leakage were cauterized. The patient was then submitted back to intensive care.
Discussion
Surgical bleeding seen in some of the patients after open heart surgery can be stopped with an reintervention. However, sometimes a disseminated and heavy bleeding may be observed, suggesting a disorder in the hemostatic system. These kinds of bleeding may be seen due to thrombocytopenia, reduction of clotting factors, increase of fibrinolysis, excessive heparinization, insufficient heparin neutralization, and the rebound effect of heparin. Giving excessive amounts of protamine as well as insufficient heparin neutralization may have side effects on the cardiovascular system. In the study conducted, tranexamic acid was administered to heart surgery patients at risk of high transfusion (16) . It was observed that the blood product use and drainage amounts in patients who were administered tranexamic acid were reduced (17) .
Tranexamic acid is known to have topical applications in addition to its systemic use. Its administration into the pericardial cavity in patients undergoing elective coronary artery bypass surgery was reported to significantly reduce the post-operative blood loss and the need for transfusion and to block side effects (10) . Fawyz et al. reported that topical application of tranexamic acid for bleeding control following open heart surgery reduced post-operative blood Research Article loss and that it did not pose any risks for the patient (21) (22) (23) . Another study by Abdul-Azm et al. demonstrated that the use of topical tranexamic acid reduced post-operative mediastinal bleeding and reexploration (24) . It was reported that administration of tranexamic acid at various doses during the operation reduced blood loss and the need for transfusion but it did not have any long-term benefits. It was also shown that administering a low dose of tranexamic acid after coronary artery bypass surgery significantly reduced the bleeding amount and the need for blood transfusion (25) (26) (27) .
All patients who are followed up after angio stent procedure into heart surgery or with a congenital adrenal hyperplasia diagnosis already use routine acetylsalicylic acid or clopidogrel and, in some cases, other drugs such as tirofiban or ticagrelor, which have a high risk of bleeding. Development of bleeding diathesis is also quite high in these patients with a history of using these medicines. When all these strong medicines affecting the coagulation cascade are evaluated, a simple administration of tranexamic acid alone is of course not enough for bleeding control. However it has a non-negligible beneficial effect in terms of economy and effectiveness, as shown in this study (28) (29) (30) .
Based on the study we performed, we think that systemic use of tranexamic acid relatively causes a decrease in post-operative bleeding amount and the amounts of used blood transfusions and blood products compared to the control group. However, the most important limitation of this study was the small number of patients studied.
We think that tranexamic acid, which we administered before incision in the per op period and after the operation, is a quite simple, practical and economic hemostatic agent. Tranexamic acid significantly reduces postoperative bleeding and blood transfusion requirement in heart surgery patients. In conclusion, systemic use of tranexamic acid in open heart surgery caused a decrease in post-operative bleeding amount without producing any side effects. 
